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Molding compositions made from a high-mo!ecular-weight propylene polymer' 

The present invention relates to molding compositions made from a high-molecular-weight 
5 propylene polymer with a melt mass-flow rate MFR of from 0.3 to 1 g/1 0 min, to ISO 11 33 at 
230°C and 5 kg, and with a proportion in the range from 2 to 20% by weight of p modification 
crystallites. 

The present invention further relates to a process for preparing the molding compositions of the 
10 invention, to their use as materials for pipes, and also to pipes made from the molding , 
compositions of the invention. 

Propylene polymers may be prepared by liquid-phase polymerization, or else by polymerization in 
the monomer (bulk phase polymerization), or in a suspension (slurry), or by gas-phase 
15 polymerization. The polymerization here is carried out with the aid of a Ziegler-Natta catalyst 
system which is usually composed of a titanium-containing solid component, of an organic 
aluminum compound, and of an organic siiane compound (EP-B 45 977, EP-A 171 200, 
US-A 4 857 613, US-A 5 288 824). However, propylene polymers may also be obtained with the 
aid of metailocene compounds, or of metal complexes having polymerization activity. 

20 

Examples of products obtained from propylene polymers are moldings, such as pipes, fittings, 
blow moldings, rods, and sheets. 

These industrially useful propylene polymers have an isotactic structure. It is known that isotactic 
25 polypropylene can crystallize in a number of crystal modifications. The modification most 

frequently encountered is the monoclinic a modification. The hexagonal p modification can also 
occur in various proportions together with the a modification, and the proportion.of p modification 
crystallites can in particular be increased by adding specific nucleating agents (K.H. Moos, 
B. Tiiger, Angewandte Makromolekulare Chemie 94 (1981), pp. 213-225). EP-A 177 961 teaches 
30 that polypropylenes with a proportion in the range from 40 to 60% of p modification crystallites can 
be obtained using the gamma phase of linear trans-quinacridone as nucleating agent, and 
polypropylenes with a proportion of more than 70% of p modification crystallites are obtained by 
using mixed crystals of linear trans-quinacridone with quinacridone quinone. 

35 DE-A 40 19 053 discloses propylene homopolymers with broad dispersity. These propylene. 

homopolymers can also be used as materials for pipes. However, the resultant pipes are relatively _ 
brittle and have a rough surface, and therefore have no practical use. 

EP-A 808 870 moreover describes high-molecular-weight copolymers of propylene with 
40 subordinate proportions of ethylene, and these can be processed using conventional production 
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' if (300), 



#(300), + #(1 10) a + H(040) a + #(130) fl 

is preferably used here to determine the k which gives the relative proportion of the crystalline p 
5 modification. H(110) fll H(040) a , and H(130) Q signify the height of the three marked peaks (110), 
(040), and (130) of the a modification, and H(300) p signifies the height of the marked peak (300) 
of the p modification. If the p modification is absent, the k value is zero, and if only the p 
modification is present in the material, the k value is 1. . 

10 In one embodiment of the present invention, the DSC crystallization onset for the molding 

composition of the invention to ISO 11357-1 is at a temperature above 122°C, and preferably 
below 130°C, particularly preferably from 123 to 129°C, most preferably from 123 to 127°C. When 
the range specified for the DSC crystallization onset is complied with, the resultant molding 
compositions have particularly advantageous properties. 

15 ^ 

The molding compositions of the invention also preferably comprise a quinacridone pigment, 
present in an amount of from 0.001 to 0.5% by weight, in particular from 0.002 to 0.2% by weight, 
and particularly preferably in an amount of from 0.002 to 0.1% by weight, based on the entire 
molding composition. It is particularly preferable here for the nucleating agent used to comprise. 

20 the gamma phase of linear trans-quinacridone, marketed with the trade name PV Echtrot E3B or 
E5B from Clariant GmbH, Frankfurt. 

The molding compositions of the invention may also comprise, inter alia, conventional additives, 
•such as neutralizing agents, stabilizers, lubricants, fillers, or color pigments, in the usual amounts. 

.25 

The molding compositions of the invention are obtainable by mixing and melting the high- 
molecular-weight propylene polymer with the quinacridone pigment, in a mixing apparatus at 
temperatures of from 180 to 320°C, preferably from 200 to 280°C, particularly preferably from 220 
to 260°C. Mixing apparatuses which may be used here are in particular extruders or kneaders, 
30 particularly preferably twin-screw extruders. In the case of polymers which are in powder form, it 
is advantageous to premix the polymer with the nucleating agent and with other additives at room 
temperature in a mixing apparatus. 

For reasons of appearance, it can also be advisable to add appropriate suitable color pigments to 
35 the molding compositions of the invention, to give these a desired RAL color number. 

The high-molecular-weight propylene polymer used here can in particular comprise a high- 
molecular-weight propylene homopolymer, or else a high-molecular weight propylene copolymer 
with up to 30% by weight of other copolymerized olefins having up to 10 carbon atoms. These 
40 other olefins are in particular Cz-C 10 1-alkenes, such as ethylene, 1-butene, 1-pentene, 
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The titanium compounds generally used to prepare the titanium-containing solid component a) 
generally comprise the halides or alcoholates of tri- or tetravalent titanium, but. use may also be 
made of halogenated titanium alkoxy compounds, or of mixtures of various titanium compounds. It 
5 is preferable to use the titanium compounds in which the halogen present is chlorine. Preference 
is also given to the titanium halides which contain only halogen alongside titanium, and among 
these particular preference is given to titanium chlorides and especially titanium tetrachloride. 

. The titanium-containing solid component a) preferably comprises at least one halogen-containing 
10 magnesium compound. Halogens here are chlorine, bromine, iodine, or fluorine, preference being 
given to bromine and in particular to chlorine. The halogen-containing magnesium compounds are 
either used directly during the preparation of the titanium-containing solid component a) or are 
formed during preparation thereof. Particularly suitable magnesium compounds for preparing the 
titanium-containing solid component a) are magnesium halides, in particular magnesium 
15 dichloride or magnesium dibromide, or magnesium compounds from which the halides can be 
obtained in a conventional manner, e.g. via reaction with halogenating agents, examples being 
magnesium alkyl compounds, magnesium aryl compounds, magnesium alkoxy compounds, and 
magnesium aryloxy compounds, and Grignard compounds. Preferred examples of halogen-free 
compounds'of magnesium which are suitable for preparing the titanium-containing solid 
20 component a) are n-butylethylmagnesium and n-butyloctylmagnesium. Preferred halogenating 
agents are chlorine or hydrogen chloride. However, the titanium halides may also serve as 
halogenating agents. 

The titanium-containing solid component a) also advantageously comprises electron-donor 
25 compounds, for example mono- or polyfunctional carboxylic acids, carboxylic anhydrides, or 
carboxylic esters, or else ketones, ethers, alcohols, lactones, or organophosphorus or 
" organosilicon compounds. 

Preferred electron-donor compounds within the titanium-containing solid component are 
30 carboxylic acid derivatives, in particular phthalic acid derivatives of the formula (II) 



35 



.CO — X 

. (II) 

CO Y 



where each of X and Y is a chlorine atom or bromine atom or a Ct-C^-alkoxy radical, or X and Y 
together are oxygen in an anhydride function. Particularly preferred electron-donor compounds , 
are phthalic esters, where X and Y are a C r C 8 -alkoxy radical. Examples of phthalic esters 
preferably used are diethyl phthalate, di-n-butyl phthalate, diisobutyl phthalate, di-n-pentyl 
40 phthalate, di-n-hexyl phthalate, di-n-heptyl phthalate, di-n-octyl phthalate, or di-2-ethylhexyl 
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analysis software package. 

An example of a method for obtaining the organic oxide whose use is preferred is spray drying of 
5 the ground hydrogel, which to this end is mixed with water or with an aliphatic alcohol. These 
finely-divided inorganic oxides are also available commercially. 

jhe finely-divided inorganic oxide usually also has a pore volume of from 0.1 to 10 cm 3 /g, 
preferably from 1.0 to 4.0 cm 3 /g, and a specific surface area of from 10 to 1 000 m 2 /g, preferably 
10 from 100 to 500 m 2 /g, the values here being those determined by mercury porosimetry to 
DIN 66133 and nitrogen adsorption to DIN 66131. 

it is also possible to use an inorganic oxide whose pH, i.e. negative decadic logarithm of proton 
concentration, is in the range from 1 to 6.5, and in particular in the range from 2 to 6. 

15 

Inorganic oxides which may be used are especially the oxides of silicon, of aluminum, of titanium, 
or of one of the metals of the 1 st or 2nd groups of the Periodic Table. A particularly preferred 
oxide, alongside aluminum oxide, or magnesium oxide, or a phyllositicate, is silicon oxide (silica 
gel). It is also possible to use mixed oxides, such as aluminum silicates, or magnesium silicates. 

20 

Water is present on the surface of the inorganic oxides used as supports. This water is to some 
extent bonded physically by adsorption and to some extent chemically in the form of hydroxy 
groups. The water content of the inorganic oxide can be reduced or entirely eliminated by thermal 
or chemical treatment, and if this is chemical treatment use is made of conventional drying 
25 agents, such as SiCI 4 , chlorosilanes, or aluminum alky! compounds. The water content of suitable 
inorganic oxides is from 0 to 6% by weight. It is preferable to use an inorganic oxide in its 
' commercially available form, without further treatment. 

The amounts present of the magnesium compound and of the inorganic oxide within the titanium- 
30 containing solid component a) are preferably such that from 0.1 to 1.0 mo!, in particular from 0.2 
to 0.5 mol, of the compound of magnesium is present per mole of the inorganic oxide. 

When preparing the titanium-containing solid component a), use is also, generally made of C^-Cb 
alkanols, such as methanol, ethanol, n-propanol, isopropanol, n-butanol, sec-butanol, tert-butanol, 
35 isobutanol, n-hexanol, n-heptanol, n-octanol, or 2-ethylhexanol, or a mixture of these. It is 
preferable to use ethanol. 

The titanium-containing solid component may be prepared by methods known per se. Examples 
of these are given, inter alia, in EP-A 45 975, EP-A 45 977, EP-A 86 473, EP-A 171 200, 
40 GB-A 2 111 066, US-A 4 857 61 3, and US-A 5 288 824. It is preferable to use the process 
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It is also possible for Ziegler-Natta catalyst systems based on metalbcene compounds or based 



on metal complexes with polymerization activity to be fed into the polymerization reactor in the 
process for preparing the propylene polymers. 

5 

Metallocenes here are complex compounds made from metals of groups 3 to 12 of the Periodic 
Table with organic ligands, which when combined with metallocenium-ion-forming compounds 
give effective catalyst systems. For use in the process of the invention, the metalbcene 
complexes are usually present in the catalyst system in supported form. Inorganic oxides are 
10 often used as supports. Preference is given to the use of the inorganic oxides described above 
and also used for preparing the titanium-containing solid component a). 

The central atoms present in the metallocenes usually used comprise titanium, zirconium, or 
hafnium, preferably zirconium. The central atom generally has p-bonding to at least one, generally 
15 substituted, cyclopentadienyl group, and also to other substituents. The other substituents may be 
halogens, hydrogen, or organic radicals, preferably fluorine, chlorine, bromine, or iodine, or a d- 
C 10 -alkyl group. 

Preferred metallocenes contain central atoms having bonding via two p bonds to two substituted 
20 cyclopentadienyl groups and particular preference is given to those metallocenes in which 

substituents of the cyclopentadienyl groups have bonding to both of the cyclopentadienyl groups. 
Particular preference is given to complexes whose cyclopentadienyl groups also have substitution 
■ at two adjacent carbon atoms by cyclic groups. 

25 Other preferred metallocenes are those which contain only one cyclopentadienyl group, which, 
however, has substitution by a radical which also has bonding to the central atom. 

Examples of suitable metalbcene compounds are 

ethylenebis(indenyl)zirconium dichloride, 
30 ethylenebis(tetrahydroindenyl)zirconium dichloride, 

diphenylmethylene-9»fluorenylcyclopentadienylzirconium dichloride, 

dimethylsilanediylbis(3-tert-butyl-5-methylcyciopentadienyl)zircpnium dichloride, 

dimethylsilanediyIbis(2-methyiindenyl)zirconium dichloride, 

dimethylsilanediylbis(2-methyIbenzindenyl)zirconium dichloride, 
35 dimethyisilanediyibis(2-methyl^-phenylindenyl)zirconium dichloride, 

.dimethylsiianediylbis(2~methyi-^-naphthylindenyl)zirconium dichloride, 

dimethylsi!anediylbis(2-methyl^-isopropylindenyl)zirconium dichloride, or 

dimethyisilanediylbis(2~methyl-4,6-diisopropylindenyl)zirconium dichloride, and also the 

corresponding dimethylzirconium compounds.' 
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either to a liquid-phase reactor or via a work-up reactor (flash vessel) finally to a gas-phase 
reactor. 

5 if a gas-phase reactor is used, the second stage takes place at a pressure of from 10 to 14 bar, at 
from 30 to 1 10°C, and with a residence time of from 0.5 to 6 h. Here again, hydrogen can be fed 
in to regulate the molar mass. If the second stage is likewise carried out in a liquid phase, the 
polymerization conditions differ from those of the first stage. Another a-olefin, in particular 
ethylene or 1-butene, can be copoiymerized concomitantly here, in particular in the first 

1 0 polymerization stage. 

The advantageous embodiments of the invention mentioned may be used advantageously in 
combination, or else independently of one another. This also in particular applies to the range 
mentioned for DSC crystallization onset, which provides molding compositions with improved 
1 5 property profile, irrespective of the' proportion of the p modification. 

The molding compositions of the invention are suitable materials for films, fibers, or moldings, 
especially as materials for pipes. Their high toughness gives them very good processing 
•properties during the extrusion of pipes whose external diameter d a is 500 mm or more and 

20 whose wall thickness s is greater than or equal to 28.4 mm. Properties of the pipes produced from 
the molding compositions of the invention are, inter alia, very smooth internal surface, very good 
results in the long-term internal-hydrostatic-pressure test, and also for circularity and bore- 
thickness distributions, while the material continues to have high impact strength. In particular, the 
pipes produced fully comply with the requirements of DIN 8077 in relation to dimensional limits for 

25 the average external diameter and ovalities, and the dimensional limits for wall thicknesses. 

Compared with pipes with high p content, a particular feature of pipes made from the molding 
composition of the invention is higher ring stiffness and better dimensional stability. 

30 Examples 

The melt mass-flow rates (MFR values) in all of the examples were determined to ISO 1 133 at 
230°C under a load of 5.0 kg. The ethylene content was determined by infrared spectroscopy, 
and the polydispersity Mw/Mn by gel permeation chromatography. 



The extrapolated crystallization onset temperatures (T eiCl Onset) were obtained from DSC as in 
DIN EN ISO 11357-1, by extrapolating the baseline and the rising fiank of the crystallization peak. 
A Mettler Toledo STAR machine was used with a cooling rate of 10 K/min for the DSC plot. An 
average of three measured values was always taken. 
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Example 3 (inventive): 



Injection molding was used to produce tensile specimens from the pellets from example 2. A 
5 tensile test to ISO 527/1 + 2 to determine tensile modulus of elasticity was carried out on the 
tensile specimens. The value measured was s = 1238 MPa. The toughness of the molding 
composition was determined via the Charpy notched impact strength to ISO 179/1eA. The 
value measured was 1 8.9 kJ/m 2 . Both tests were carried out at 23°C. 

10 Plaques of thickness 1 mm were pressed from the pellets, and subjected to X-ray analysis to 
determine the proportion of the p modification. The peak heights gave a proportion of 6% of p 
modification. . 

Example 4 (inventive): 

15 

The pellets from example 2 were processed on an extrusion plant (screw diameter d s = 90 mm, 
L/D = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
calibration), to give pipes of dimensions 500 x 45Amm (external diameter d a = 500 mm, wall 
thickness s = 45.4 mm). The weight throughput was from 380 to 410 kg/h, depending on the take- 
20 off speed. The barrel temperatures were set so as to give a melt temperature of 21 5°C. 

The processing was found to run very consistently, and the inner surface of the pipe was very 
smooth. The pipes had a satisfactory circular cross section. The dimensional limit for ovality to 
DIN 8077 was not exceeded. 



pipes of these dimensions to DIN 8077, the wall thickness has to be from s = 45.0 to s = 49.8 mm 
(the values given being averages measured on 3 pipes). 



25 



Wall thickness was determined at six test points with sixty-degree separation around the pipe. For 



30 Test point 1 



(top of pipe): 



$i = 45.3 mm 



Test point 2 



(sixty degrees distant 
from 1 clockwise): - 



s 2 = 46.4 mm 



35 Test point 3 



(sixty degrees distant 
from 2 clockwise): 



s 3 = 47.5 mm 



Test point 4 



(sixty degrees distant 
from 3 clockwise): 



s 4 = 48.1 mm 
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Example 6 (comparative example): 

Injection molding was used to produce tensile specimens from the pellets from example 5. A 
5 tensile test to ISO 527/1 + 2 to determine tensile modulus of elasticity was carried out on the 
tensile specimens. The value measured was s = 1342 MPa. The toughness of the molding 
composition was determined via the Charpy notched impact strength to ISO 179/1 eA. The a^ 
value measured was 8.9 kJ/m 2 . Both tests were carried out at 23°C. 

10 Plaques of thickness 1 mm were pressed from the pellets, and subjected to X-ray analysis to 

determine the proportion of the p modification. No detectable content of p modification was found. 

Example 7 (comparative example): ■' 

15 The pellets from example 5 were processed on an extrusion plant (screw diameter d s = 90 mm, 
L/D = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
calibration), to give pipes of dimensions 500 x 45.4 mm (external diameter d a = 500 mm, wall 
thickness s = 45.4 mm). The weight throughput was from 380 to 410 kg/h, depending on the take- 
off speed. The barrel temperatures were set so as to give a melt temperature of 215°C. 



The processing was found to run very consistently. The pipes had a circular cross section. The 



Wall thickness was determined at six test points with sixty-degree separation around the pipe. For 
25 pipes of these dimensions to DIN 8077, the wall thickness has to be from s = 45.0 to s = 49.8 mm 
(the values given being averages measured on 3 pipes). 
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dimensional limit for ovality to DIN 8077 was not exceeded. 



Test point 1 



(top of pipe): 



s 1 = 45.8 mm 



30 . Test point 2 



(sixty degrees distant 
from 1 clockwise): 



s 2 = 47.2 mm 



Test point 3 



(sixty degrees distant 
from 2 clockwise): 



. s 3 = 48.6 mm 



Test point 4 



(sixty degrees distant P 
from 3 clockwise): 



s 4 = 49.1 mm 



40 



Test point 5 



(sixty degrees distant 
from 4 clockwise): 



s 5 = 48.3 mm 
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fed continuously into the reactor. After 48 minutes, 29 Nl of hydrogen were also added. The 
temperature was held constant at 70°C for 36 minutes. The reactor contents were then worked up 
by depressurization, meaning that the unreacted propylene was removed by evaporation. 

5 

This gave 13.6 kg of a propylene copolymer with 0.5% by weight of copoiymerized ethylene. The 
catalyst yield calculated from these data is 29.5 kg of propylene copolymer/g of catalyst, i.e. 
titanium-containing solid component. The resultant propylene copolymer had a melt flow rate MFR 
of 0.90 g/10 min, a cold-xylene-soluble fraction of 4.0% by weight, and a polydispersity Mw/Mn of 
10 10.3. The experiment was repeated a number of times in order to prepare a total amount of 
500 kg. 

Example 9 (comparative example): 

15 The powder obtained from example 8 was pelletized at about 240°C under an inert gas in a twin- 
screw extruder with a screw diameter of 53 mm. Stabilizers added here were 0.15% of Irganox® 
1010 and 0.15% of Hostanox® PAR 24. Color pigments were also added in order to adjust the 
color to RAL 7032. 0.2% of ultrafine talc (product commercially available from Luzenac) was 
added as nucleating agent. The MFR 230/5 measured on the pellets was 1.04 g/10 min. DSC 

20 Onset was determined as 120 ± 0.3°C. 

Example 10 (comparative example): 

Injection molding was used to produce tensile specimens from the pellets from example 9. A 
25 tensile test to ISO 527/1 + 2 to determine tensile modulus of elasticity was carried out on the 
tensile specimens. The value measured was s = 1385 MPa. The toughness of the molding 
composition was determined via the Charpy notched impact strength to ISO 179/1eA. The a,^ 
value measured was 7.8 kJ/m 2 . Both tests were carried out at 23°C. 

30 . Example 1 1 (comparative example): 

The pellets from example 9 were processed on an extrusion plant (screw diameter d s = 90 mm, 
L/D = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
calibration), to give pipes of dimensions 500 x 45.4 mm (external diameter d a = 500 mm, wall 

35 thickness s = 45.4 mm). The weight throughput was from 380 to 410 kg/h, depending on the take- 
off speed. The barrel temperatures, were set so as to give a melt temperature of 215°C. It was 
impossible to produce pipes suitable for the subsequent application. The pipes were not circular 
with respect to external diameter, and the wall thickness distribution was non-uniform. They did 
not comply with the requirements of DIN 8077 with respect to the dimensional limits for the 

40 average external diameters and the ovalities, and the dimensional limits for the wall thicknesses. 
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Example 14 (inventive): 

Injection molding was used to produce tensile specimens from the pellets from example 13. A 
5 tensile test to ISO 527/1 + 2 to determine tensile modulus of elasticity was carried out on the 

tensile specimens. The value measured at 23°C was s = 847 MPa. The toughness of the molding 
composition was determined via the Charpy notched impact strength to ISO 179/1eA. The acn 
value measured was 7.3 kJ/m 2 . 

10 Example 15 (inventive): 

The pellets from example 13 were processed on an extrusion plant (screw diameter d s = 90 mm, 
L/D = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
calibration), to give pipes of dimensions 800 x 45.3 mm (external diameter d a = 800 mm, wall 
15 thickness s = 45.3 mm). The weight throughput was from 380 to 410 kg/h, depending on the take- 
off speed. The barrel temperatures were set so as to give a melt temperature of 215°C. 

The processing was found to run very consistently, and the inner surface of the pipe was very 
smooth. The pipes had a satisfactory circular cross section. The dimensional limit for ovality to 
20 DIN 8077 was not exceeded. 

Wall thickness was determined at six test points with sixty-degree separation around the pipe. For 
pipes of these dimensions to DIN 8077, the wall thickness has to be from s = 45.0 to s = 49.8 mm 
.(the values given being averages measured on 3 pipes). . 
25. . K ■' ' 

Test point 1 (top of pipe): s t = 45.2 mm 

Test point 2 (sixty degrees distant 

from 1 clockwise): s 2 = 46.6 mm 

30 / - 

Test point 3 (sixty degrees distant 

from 2 clockwise): s 3 = 47.9 mm 

Test point 4 (sixty degrees distant 

35 from 3 clockwise): s 4 = 48.3 mm 

Test point 5 (sixty degrees distant 

from 4 clockwise): s 5 = 47.2 mm 

40 Test point 6 (sixty degrees distant 
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tensile test to ISO 527/1 + 2 to determine tensile modulus of elasticity was carried out on the 
tensile specimens. The value measured at 23°C was s = 871 MPa. The toughness of the molding 
composition was determined via the Charpy notched impact strength to ISO 179/1eA. The a^ 
5 value measured was 6.4 kJ/m 2 . 

Example 18 (comparative example): 

The pellets from example 16 were processed on an extrusion plant (screw diameter d s = 90 mm, 
10 UD = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
calibration), to give pipes of dimensions 800 x 45.3 mm (external diameter d a = 800 mm, wall 
■ thickness s = 45.3 mm). The weight throughput was from 380 to 41 0 kg/h, depending on the take- 
off speed. The barrel temperatures were set so as to give a melt temperature of 21 5°C. The 
. processing was found to proceed very consistently. 

15 

The pipes had a circular cross section. The dimensional limit for ovality to DIN 8077 was not 
exceeded. " • 

Wall thickness was determined at six test points with sixty-degree separation around the pipe. For 
20 pipes of these dimensions to DIN 8077, the wall thickness has to be from s = 45.0 to s = 49.8 mm 
(the values given being averages measured on 3 pipes). 

Test point 1 (top of pipe): s 1 = 45.3 mm 

25 Test point 2 (sixty degrees distant .-■**■ 

from 1 clockwise): S2 = 46.9 mm 

Test point 3 (sixty degrees distant 

from 2 clockwise): s 3 = 48.7 mm 

30 

Test point 4 (sixty degrees distant 

from 3 clockwise): s 4 = 49.3 mm 

Test point 5 (sixty degrees distant 

35 from 4 clockwise): s 5 = 47.9 mm 

Test point 6 (sixty degrees distant 

from 5 clockwise): s 6 = 46.3 mm 



40 
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evaporation. 

This gave 1 0.6 kg of a propylene copolymer with 4.1 % by weight of copolymerized ethylene. The 
catalyst yield calculated from these data is 30.6 kg of propylene copolymer/g of catalyst, i.e. 
titanium-containing solid component. The resultant propylene copolymer had a melt flow rate MFR 
of 1.10 g/min, a cold-xyiene-soluble fraction of 4.0% by weight, and a polydispersity Mw/Mn of 
10.3. The experiment was repeated a number of times in order to prepare a total amount of 
500 kg. 

Example 20 (comparative example): 



The powder obtained from example 19 was pelietized at about 240°C under an inert gas in a twin- 
screw extruder with a screw diameter of 53 mm. Stabilizers added here were 0.15% of irganox® 
15 1 01 0 and 0. 1 5% of Hostanox® PAR 24. Color pigments were also added in order to adjust the 
color to RAL 7032. 0.2% of ultrafine talc (commercially available product from Luzenac) was 
added as nucleating agent. The MFR 230/5 measured on the pellets was 1 .12 g/1 0 min. DSC 
Onset was determined as 107 ± 0.4°C. 

20 Example 21 (comparative example): 

Injection molding was used to produce tensile specimens from the pellets from example 20. A 
tensile test to ISO 527/1 + 2 to determine tensile modulus of elasticity was carried out on the 
tensile specimens. The value measured at 23°C was s = 893 MPa. The toughness of the molding 
25 composition was determined via the Charpy notched impact strength at 0°C to ISO 179/1eA. The 
a cn value measured was 5.5 kJ/m 2 . 

Example 22 (comparative example): 

30 The pellets from example 20 were processed on an extrusion plant (screw diameter d s = 90 mm, 
L/D = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
■calibration), to give pipes of dimensions 800 x 45.3 mm (external diameter d a = 800 mm, wall 
thickness s = 45.3 mm). The weight throughput was from 380 to 41 0 kg/h, depending on the take- 
off speed. The barrel temperatures were set so as to give a melt temperature of 215°C. 

35 

It was impossible to produce pipes suitable for the subsequent application. The pipes were not 
circular with respect to external diameter, and the wall thickness distribution was non-uniform. The 
pipes did not comply with the requirements of DIN 8077 with respect to dimensional limits for the 
average external diameters, and the ovalities, and the dimensional limits for the wall thicknesses. 
40 The inner surface of the. pipes was very rough. 
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Injection molding was used to produce tensile specimens from the pellets from example 24. A 
tensile test to ISO 527/1 + 2 to determine tensile modulus of elasticity was carried out on the 
tensile specimens at 23°C. The value measured at 23°C was s = 1 123 MPa. The toughness of the 
5 molding composition was determined via the Charpy notched impact strength at 0°C to 
ISO 179/1eA. The a cn value measured was 15.9 kJ/m 2 . 

Example 26 (inventive): 

10 The pellets from example 24 were processed on an extrusion plant (screw diameter d s = 90 mm, 
L/D = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
calibration), to give pipes of dimensions 500 x 5.4 mm (external diameter d a = 500 mm, wall 
thickness s = 45.4 mm). The weight throughput was from 380 to 41 0 kg/h, depending on the take- 
off speed. The barrel temperatures were set so as to give a melt temperature of 215°C. 

15 

The processing was found to run very consistently, and the inner surface of the pipe was very 
smooth. The pipes had a satisfactory circular cross section. The dimensional limit for ovality to 
DIN 8077 was not exceeded. ; - • 

20 Wall thickness was determined at six test points with sixty-degree separation around the pipe. For 
pipes of these dimensions to DIN 8077, the wall thickness has to be from s = 45.0 to s = 49.8 mm 
(the values given being averages measured on 3 pipes). 



25 



30 



Test point 1 (top of pipe): . s,- 45.3 mm 

Test point 2 (sixty degrees distant 

from 1 clockwise): s 2 = 46.4 mm 

Test point 3 (sixty degrees distant 

from 2 clockwise): s 3 = 47.5mm 

Test point 4 (sixty degrees distant 

from 3 clockwise): s 4 - 48.6 mm 

35 Test point 5 (sixty degrees distant 

• - • from 4 clockwise): s 5 = 47.5 mm 

Test point 6 (sixty degrees distant 

from 5 clockwise): s 6 = 46.2 mm 



40. 
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a cn value measured was 1 1 .6 kJ/m 2 . 
Example 29 (comparative example): 

5 

The pellets from example 27 were processed on an extrusion plant (screw diameter d s = 90 mm, 
L/D = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
calibration), to give pipes of dimensions 500 x 45.4 mm (external diameter d a = 500 mm, wall 
thickness s = 45.4 mm). The weight throughput was from 380 to 410 kg/h, depending on the take- 
10 off speed. The barrel temperatures were set so as to give a melt temperature of 21 5°C. 

The processing was found to run very consistently. The pipes had a circular cross section. The 
dimensional limit for ovality to DIN 8077 was not exceeded. 

15 Wall thickness was determined at six test points with sixty-degree separation around the pipe. For 
pipes of these dimensions to DIN 8077, the wall thickness has to be from s = 45.0 to s = 49.8 mm 
(the values given being averages measured on 3 pipes). 



20 



Test point 1 (top of pipe): ' Si = 45.2 mm 

Test point 2 (sixty degrees distant 

from 1 clockwise): . s 2 = 47.6 mm 

Test point 3 . (sixty degrees distant 
25 from 2 clockwise): s 3 = 49.0 mm 

Test point 4 (sixty degrees distant 

from 3 clockwise): s 4 = 49.7 mm 

30 Test point 5 (sixty degrees distant 

from 4 clockwise): s 5 = 48.6 mm 

Test point 6 (sixty degrees distant 

from 5 clockwise): s 6 = 47.2 mm 



35 



Roughness was measured on the inner surface of the pipe, which was very rough: 



40 



The following values were found: 
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titanium-containing solid component. The resultant propylene copolymer had a melt flow rate MFR 
of 1 .16 g/min and a cold-xylene-solubie fraction of 1 1 .0% by weight. 

5 Example 31 (comparative example): 

The powder obtained from example 30 was pelletized at about 240°C under an inert gas in a twin- 
screw extruder with a screw diameter of 53 mm. Stabilizers added here were 0.15% of Irganox® - 
1010 and 0.15% of Hostanox® PAR 24. Color pigments were also added in order to adjust the 
1 o coior to RAL 7032. 0.2% of ultrafine talc (product commercially available from Luzenac) were 
- added as nucleating agent. The MFR 230/5 measured on the pellets was 1.16 g/10. min. DSC 
Onset was determined as 1 16 ± 0.2°C. 

Example 32 (comparative example): . 

15 

Injection molding was used to produce tensile specimens from the pellets from example 31 . A 
tensile test to ISO 527/1 + 2 to determine tensile modulus of elasticity was carried out on the 
tensile specimens. The value measured at 23°C was s = 1265 MPa. The toughness of the molding 
composition was determined via the Charpy notched impact strength at 0°C to ISO 179/1eA. The 
20 a cn value measured was 7.1 kJ/m 2 . 

Example 33 (comparative example): 

The pellets from example 31 were processed on an extrusion plant (screw diameter d s = 90 mm, 
25 L/D = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
calibration), to give pipes of dimensions 500 x 45.4 mm (external diameter d a = 500 mm, wall 
thickness s = 45.4 mm). The weight throughput was from 380 to 410 kg/h, depending on the take- 
off speed. The barrel temperatures were set so as to give a melt temperature of 215°C. 

30 It was impossible to produce pipes suitable for the subsequent application. The pipes were not 
circular with respect to external diameter, and the wall thickness distribution was non-uniform. The 
pipes did not comply with the requirements of DIN 8077 in relation to the dimensional limits for the 
average external diameters and the ovalities, and the dimensional limits for the wall thicknesses. 
The inner surface of the pipes was very rough. 

35 * 

No long-term internal-hydrostatic-pressure test was carried out. 

The pipe was also subjected to a flexural impact test to DIN 8078 at 0°C and -10°C, using a 
nominal impact-pendulum energy of 15 J. The test specimens for this were taken from the pipe 
40 wall mechanically. The test was passed only at 0°C. The energy absorbed was 75 kJ/m 2 at 0°C, 
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The pellets from example 35'were processed on an extrusion plant (screw diameter d s = 90 mm, 
L/D = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
calibration), to give pipes of dimensions 800 x 45.3 mm (external diameter d a = 800 mm, wall 
5 thickness s = 45.3 mm). The weight throughput was from 380 to 41 0 kg/h, depending on the take- 
off speed. The barrel temperatures were set so as to give a melt temperature of 215°C. 

The processing was found to run very consistently, and the inner surface of the pipe was very 
smooth. The pipes had a satisfactory circular cross section. The dimensional limit for ovality to 
10 DIN. 8077 was not exceeded. 

Wall thickness was determined at six test points with sixty-degree separation around the pipe. For 
pipes of these dimensions to DIN 8077, the wall thickness has to be from s = 45.0 to s = 49.8 mm 
(the values given being averages measured on 3 pipes).. 

15 

Test point 1 (top of pipe): s, = 45.4 mm 

Test point 2 (sixty degrees distant 

from 1 clockwise): s 2 = 46.2 mm 

Test point 3 (sixty degrees distant 

from 2 clockwise): s 3 = 47.6 mm 

Test point 4 (sixty degrees distant 

25 _ from 3 clockwise): s 4 = 48.6 mm 

Test point 5 (sixty degrees distant 

from 4 clockwise): s 5 = 47.4mm 

30 Test point 6 (sixty degrees distant 

from 5 clockwise): s 6 = 46.5 mm 



35 



Roughness was measured on the inner surface of the pipe, which was very smooth: 
The following values were found: 



a) maximum isolated roughness depth R mBX : 3.25 mm 

b) average roughness depth R 2 : 2.59 mm 
40 c) arithmetic mean roughness R a : 0.34 mm 
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thickness s = 45.3 mm). The weight throughput was from 380 to 410 kg/h, depending on the take- 
off speed. The barrel temperatures were set so as to give a melt temperature of 215°C. 

5 The processing was found to run very consistently. The pipes had a circular cross section. The 
dimensional limit for ovality to DIN 8077 was not exceeded. 

Wall thickness was determined at six test points with sixty-degree separation around the pipe. For 
pipes of these dimensions to DIN 8077,the wall thickness has to be from s = 45.0 to s = 49.8 mm 
10 (the values given being averages measured on 3 pipes). 

Test point 1 (top of pipe): Si = 45.4 mm 

N Test point 2 (sixty degrees distant 

15 from 1 clockwise): s 2 = 47.3 mm 

Test point 3 (sixty degrees distant . 

from 2 clockwise): s 3 = 48.9 mm 

20 Test point 4 (sixty degrees distant 

from 3 clockwise): s 4 = 49.6 mm 

Test point 5 (sixty degrees distant 

from 4 clockwise): s s = 48.7 mm 

25 

Test point 6 (sixty degrees distant 

from 5 clockwise): s 6 = 46.9 mm 



30 Roughness was measured on the inner surface of the pipe, which was very rough: 
The following values were found: 

a) maximum isolated roughness depth R ma x: 13.05 mm 
35 b) average roughness depth R 2 : 9-72 mm 

c) arithmetic mean roughness R a ' 1.37 mm 

d) maximum roughness depth R t : 13.73 mm 



40 The DIN 8078 long-term internal-hydrostatic-pressure test was carried out on the pipe: 
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Example 43 (comparative example): 

Injection molding was used to produce tensile specimens from the pellets from example 42. A 
tensile test to ISO 527/1 + 2 to determine tensile modulus of elasticity was carried out on the - 
tensile specimens. The value measured was s = 1404 MPa. The toughness of the molding 
composition was determined via the Charpy notched impact strength to ISO 179/1eA. The a^ 
value measured was 7.2 kJ/m 2 . Both tests were carried out at 23°C. 



1 0 Example 44 (comparative example): 

The pellets from example 42 were processed on an extrusion plant (screw diameter d s = 90 mm, 
L/D = 30, grooved bush with thermal isolation, spiral-groove distributor, vacuum spray tank 
calibration), to. give pipes of dimensions 800 x 45.3 mm (external diameter d a = 800 mm, wall 
15 thickness s = 45.3 mm). The weight throughput was from 380 to 410 kg/h, depending on the take- 
off speed. The barrel temperatures were set so as to give a melt temperature of 21 5°C. 

It was impossible to produce pipes suitable for the subsequent application. The pipes were not 
circular with respect to external diameter, and the wall thickness distribution was not uniform. The 
20 pipes did not comply with the requirements of DIN 8077 in relation to the dimensional limits for the 
average external diameters and the ovalities, and the dimensional limits for the wall thicknesses. 
The inner surface of the pipes was very rough. 



25 



No long-term internal-hydrostatic-pressure test was carried out. 

The pipe was also subjected to a flexural impact test to DIN 8078 at 23°C and 15°C, using a 
nominal impact-pendulum energy of 15 J. The test specimens for this were taken from the pipe 
wall mechanically. The test was passed only at 23°C. The energy absorbed was 78 kJ/m 2 at 
23°C, 53kJ/m 2 at15°C. 



30 



35 



40 
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moldings. 

13. The use of the molding compositions as claimed in any of claims 1 to 9 as materials for 
5. pipes. 

14. A pipe obtained from the molding compositions as claimed in any of claims 1 to 9. 
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